Background: Patient satisfaction in outpatient phlebotomy settings typically depends on wait time and venipuncture experience, and many patients equate their experiences with their overall satisfaction with the hospital.
Preanalytical errors, such as unlabeled and mislabeled tubes, can adversely affect patient care and may require a patient to return for an additional venipuncture. 5, [12] [13] [14] [15] In the outpatient setting, several studies have successfully utilized electronic positive patient identification (PPID) systems or specimen collection modules to decrease preanalytical errors. [16] [17] [18] Le et al 18 implemented a novel specimen collection module for nonphlebotomy collections and found a significant reduction in mislabeled, unlabeled, wrong specimen received, and no specimen received errors. In another study, the implementation of a PPID system significantly reduced the number of mislabeled specimens, a preanalytical error that is found to be high risk in inpatient settings. 19 However, to our knowledge, there are no studies on the deployment of electronic specimen collection modules in an outpatient phlebotomy setting. In this study, we examined the effects of implementing an interfaced electronic health record (EHR)-laboratory information system (LIS) and electronic specimen collection module on patient wait and service times, patient satisfaction, and preanalytical errors in an outpatient phlebotomy setting. We hypothesized that the combination of an interfaced EHR-LIS and electronic specimen collection module would lead to lower wait and service times, improved patient satisfaction, and a reduced rate of preanalytical errors.
Materials and Methods

Study Site
This study was performed at a 777-bed, tertiary care center located in Boston, Massachusetts. In November 2014, the laboratory transitioned from an in-house developed, custom LIS to a new vendor LIS, SunQuest (Sunquest Information Systems, Inc). In May 2015, we implemented a new EHR, Epic (Epic Systems, Inc). The EHR has a bidirectional interface (orders and results) with the LIS. Both inpatients and outpatients are serviced by the clinical laboratory using the Epic system. The majority of specimens (>90%) in the outpatient setting are collected by phlebotomists. There are 13 outpatient phlebotomy draw sites that perform approximately 150,000 venipunctures annually.
Outpatient Phlebotomy Workflow Description Pre-EHR-LIS Implementation
Prior to the implementation of the EHR, laboratory tests in the outpatient setting were ordered by providers and transcribed onto paper requisition forms ( Figure 1A) . The patient would arrive at a phlebotomy site with a paper requisition form, check in, and provide a form of identification along with the requisition form. The phlebotomist would then manually accession the order(s) into the outpatient LIS and print specimen labels, which contained information about the tests ordered, number of tubes, and tube types to draw. When ready, the phlebotomist would call in and verbally identify the patient against information provided on the paper requisition and specimen labels, and then perform the venipuncture.
Once the specimens arrived in the laboratory, the specimens were reaccessioned into the in-house developed LIS and relabeled.
Post-EHR-LIS Implementation at Sites with a Specimen Collection Module
Postimplementation, laboratory tests are ordered electronically in the EHR and sent electronically to the LIS, eliminating the majority of paper requisitions. Concurrent with the implementation of the EHR, 4 out of the 13 outpatient phlebotomy sites also implemented the SunQuest Collection Manager (Sunquest Information Systems, Inc) on a handheld device (henceforth referred to as the specimen collection module). 20 Patients arrive at a phlebotomy site for specimen collection and check in with the phlebotomist by providing a form of identification ( Figure 1B) . The phlebotomist opens the medical record of the patient in the EHR, determines whether they need to create a billing encounter, and releases the orders to the LIS (ie, specimen collection module). All orders with an expected collection date in the past and orders with an expected collection date of up to 7 days in the future are released. Once the orders are released, a bar-coded face sheet (1-page summary of information about a patient), containing patient information, automatically prints (to be used in lieu of a bar-coded wristband). The phlebotomist then calls in the patient, verbally identifies the patient, and scans the face sheet with the handheld device to confirm his/her identity. The test orders and information on which tubes to draw then display on the handheld device. A LIS-readable label prints from the mobile printer beside the patient, and the phlebotomist DOI: 10.1093/labmed/lmx019 performs the venipuncture. The specimens are labeled beside the patient, sent to the processing area, and scanned into the LIS with no additional reaccessioning or relabeling required. 20 
Post-EHR-LIS Implementation at Sites Without a Specimen Collection Module
The specimen collection module was not implemented at smaller phlebotomy sites with lower volumes and only 1 or 2 phlebotomists. The workflow at these sites (n ¼ 9) is the same as sites with the specimen collection module through the point of releasing the orders from the EHR and the automatic printing of the face sheet with the patient information. However, at sites without the specimen collection module, in addition to the face sheet, LIS-readable specimen labels print automatically. The labels contain information about the tests ordered as well as the tube type required. The phlebotomist then calls in the patient, verbally identifies the patient using the labels and face sheet, and performs the venipuncture. The phlebotomist only services 1 patient at a time, to avoid label mix-ups. The specimens are sent to the processing area and are scanned into the LIS. 20 
Patient Wait Time
Patient wait times were collected pre-and postimplementation at the 3 representative outpatient sites, Patient wait time was defined as the interval from patient arrival to the phlebotomist calling in the patient for the venipuncture (steps 1-4 in Figure 1A and steps 1-3 in Figure 1B ). Both pre-and post-EHR implementation wait times were manually recorded at each outpatient site. The patients entered their name and arrival time on a log sheet at check-in, and phlebotomists entered the time they called in each patient. A clock was stationed next to the log sheet to improve ease of use and accuracy. Preimplementation, patient wait times were recorded for 12 days in July 2013 (n ¼ 704). Postimplementation, patient wait times were recorded for 10 days in July 2016 (n ¼ 600). We calculated the percentage of patients waiting less than 10 minutes preand postimplementation, with the goal of 90% of patients waiting less than 10 minutes.
Phlebotomy Service Time
Phlebotomy service times were collected pre-and postimplementation of the EHR-LIS at the 3 outpatient sites referenced earlier in this article. Service time was defined as the total amount of time the phlebotomist spent to ensure a successful venipuncture, including the time spent accessioning/releasing the orders from the EHR and performing the venipuncture (steps 2-6 in Figure 1A and steps 2-5 in Figure 1B ). Patient draw time was defined as the time from when the patient was called in to the time the patient exited the laboratory (steps 4-6 in Figure 1A and steps 3-5 in Figure 1B To determine the number of preanalytical errors in the outpatient phlebotomy department, the reports were filtered by ordering site to include only outpatient sites where patients are sent to the phlebotomy department for specimen collection. Using the filtered data, we also determined the total specimen volume collected by the outpatient phlebotomy department and used that volume to normalize the error rates per 1000 specimens collected preand postimplementation. Similarly, to determine the effect of implementing the specimen collection module, we compared the number of errors per 1000 specimens at sites using the specimen collection module to sites who did not use the specimen collection module.
Patient Satisfaction Surveys
Patient satisfaction was assessed preimplementation (n ¼ 504 at 2015) and postimplementation (n ¼ 417 at 2016) in our highest volume outpatient laboratory using a 5-question survey that asked about the courtesy and skill of phlebotomists, as well as the length of their wait. Patients were instructed to respond to the questions on a 5-point Likert scale (excellent, very good, good, fair, or poor). The percentage of excellent responses was calculated for each question, and pre-and postimplementation percentages were compared. 
Statistical Analysis
Results
Patient Wait Time
Prior to the implementation of the integrated EHR-LIS, only 86% of patients were waiting less than 10 minutes, increasing significantly to 93% (P �.001) postimplementation. This increase enabled us to meet the goal of 90% of patients waiting less than 10 minutes.
Phlebotomy Service Time
Preimplementation, the median total service time was 6 minutes (IQR, 4 to 8 minutes) ( 
Preanalytical Errors
The total number of the top 4 preanalytical errors decreased significantly, from 3.20 per 1000 specimens preimplementation to 1.93 per 1000 specimens postimplementation (P �.001) ( Table 1 ). There was a significant decrease in mislabeled, unlabeled, and no specimen received errors (P ¼ .0004, P ¼ .001, and P ¼ .000001, respectively), with no mislabeled or unlabeled specimens post implementation (Table 1) . However, there was no change in the wrong specimen received errors ( Table 1 ) (P ¼ .81).
Specimen Collection Module vs No Specimen Collection Module
At larger phlebotomy sites using the specimen collection module, the total of the top 4 preanalytical errors decreased significantly, from 3.07 per 1000 specimens to 1.61 per 1000 specimens following implementation (P �.001) ( Table 2) . Similarly, mislabeled, unlabeled, and no specimen received errors all decreased significantly (P ¼ .004, P ¼ .01, and P ¼ .000003, respectively). In contrast, the decrease in errors at sites not utilizing the specimen collection module was not significant ( Table 2) .
Patient Satisfaction Surveys
Overall patient satisfaction improved postimplementation, with a significant increase in excellent responses across all 5 
Results
Patient Wait Time
Phlebotomy Service Time
Preimplementation, the median total service time was 6 minutes (IQR, 4 to 8 minutes) (Figure 2) , decreasing significantly to 5 minutes (IQR, 3-6 minutes) (P ¼ .005) postimplementation ( Figure 2) . Similarly, the median accessioning time dropped significantly, from 2 minutes (IQR, 1-3 minutes) preimplementation to 1 minute (IQR, 1 to 2 minutes) postimplementation (P �.001) (Figure 2) . The median draw time did not change significantly preimplementation (4 minutes; IQR, 2-5 minutes) and postimplementation (3 minutes; IQR, 3-5 minutes) (P ¼ .76) ( Figure 2 ).
Preanalytical Errors
Specimen Collection Module vs No Specimen Collection Module
Patient Satisfaction Surveys
Overall patient satisfaction improved postimplementation, with a significant increase in excellent responses across all 5 questions (P .001) (Figure 3 ). The satisfaction with the length of wait time increased, from 72% to 93% (P .001) (Figure 3 ).
Discussion
We had hypothesized that patient wait times would improve with an interfaced EHR-LIS due to the reduction in paper requisitions and manual processing. Furthermore, standing orders were less time consuming as phlebotomists did not have to search for the requisition and manually track the order expiration date. Indeed, we were able to meet our postimplementation goal of more than 90% of patients waiting less than 10 minutes. The wait time metric is an important indicator of performance; however, it is time consuming to manually collect these data. We are presently implementing electronic tracking of patient wait times at all 13 phlebotomy sites; 1 newer site will utilize radiofrequency identification technology to track patient wait times. questions (P .001) (Figure 3 ). The satisfaction with the length of wait time increased, from 72% to 93% (P .001) (Figure 3) .
We had hypothesized that patient wait times would improve with an interfaced EHR-LIS due to the reduction in paper requisitions and manual processing. Furthermore, standing orders were less time consuming as phlebotomists did not have to search for the requisition and manually track the order expiration date. Indeed, we were able to meet our postimplementation goal of more than 90% of patients waiting less than 10 minutes. The wait time metric is an important indicator of performance; however, it is time consuming to manually collect these data. We are presently implementing electronic tracking of patient wait times at all 13 phlebotomy sites; 1 newer site will utilize radiofrequency identification technology to track patient wait times. 
Respect for Privacy Percent of Excellent Responses
As anticipated, we noted an overall decrease in total service time, attributable to the shorter accessioning time. However, there are several remaining challenges with the accessioning process. Phlebotomists must carefully review orders as laboratory tests are intermixed with pathology and radiology department orders, increasing the risk of releasing an incorrect order. Further, if the patient arrives immediately after the visit, the provider may not yet have entered the orders into the EHR, forcing phlebotomists to wait, to continually refresh the screen, or to telephone the practice/ ordering provider. Phlebotomists may also need to create a billing encounter if the patient arrives on a different day than the date of service, which can lengthen the accessioning time. To further reduce the accessioning time, we plan to filter out nonphlebotomy orders/collections from the phlebotomy department release window and increase the speed of order transmittal.
The results of our patient satisfaction surveys demonstrated improved scores for all 5 categories included in the questionnaire. Some specific comments included "very much improved," "have never had such an easy and quick stick," and "phlebotomists were very friendly and courteous and very efficient." Several factors likely contributed to the increased level of satisfaction reported. The EHR obviated the need for patients to return to their provider to fix illegible orders or to add missing information, leading to shorter wait time. The improvement in cleanliness and comfort may be explained by renovations that had occurred shortly before implementation of the EHR-LIS. The ability of phlebotomists to answer questions more effectively and respect for privacy could be attributed to the availability of orders in the EHR. The use of electronic devices may have been perceived as an increase in the skill of the phlebotomist. We are currently expanding our surveys to all outpatient sites, to monitor patient satisfaction on a comprehensive and ongoing basis. Similar to our previous findings in inpatient setting, 17 the interfaced EHR-LIS and specimen collection module significantly decreases the number of outpatient preanalytical errors. The number of unlabeled and mislabeled specimens was 0 postimplementation, likely due to the specimen collection module and the correct number of specimen labels printing at the bedside and displaying collection information. The modest reduction in no specimen received errors can also be attributed to this same fact. In contrast, there was no reduction in the number of wrong specimen received errors postimplementation, even though information on the tube type was readily available to the phlebotomist. Our investigation into these individual errors revealed that they were frequently due to the erroneous release of orders from EHR not intended for the phlebotomy department (eg, requests for bodily fluids or stool, orders from other hospitals). To remedy this problem, we recently introduced a yellow caution sign to prompt the phlebotomist not to release an inappropriate order, along with a green symbol to flag the appropriate orders that should be released. Errors also occurred when multiple laboratory tests were ordered and the patient had a specimen drawn immediately after releasing the orders. In these cases, there was insufficient time for all the orders to be transmitted to the specimen collection module. As a result, the phlebotomist did not see all the orders on the specimen collection module, leading to a no-specimen or wrong specimen received error. We are working to increase the data transmittal speed of the server, in order to improve this process. In addition, we also plan to use wristbands with ambulatory patients and eliminate the face sheet, to further decrease errors.
The more dramatic decrease in mislabeled errors at sites that implemented the specimen collection module is most likely due to a difference in workflow at large and small sites, and a gap that the specimen collection module was preferentially able to fill at the larger sites. At larger sites, preimplementation, 1 phlebotomist was accessioning orders and placing the labels and requisition in a pile for another phlebotomist to pick up, increasing the chances for label mixups. The significant drop in unlabeled and no-specimenreceived errors at the specimen collection module sites can also be attributed to the differences in workflow. Both preand postimplementation, the phlebotomists at all sites had collection information on the specimen labels; therefore, the wrong specimen received errors did not decrease significantly with either workflow. Additional analysis is being performed to determine whether a specimen collection module will have a significant impact on preanalytical errors at smaller sites.
The specimen collection module has presented some technical and operational challenges. The handheld devices are connected through the hospital wireless network and are paired via Bluetooth (Bluetooth SIG, Inc), with individual label printers situated at the bedside. Occasionally, connectivity issues require a reboot and delay service time. Furthermore, as mentioned previously, there may be a delay in orders downloading and displaying on the handheld device. If a phlebotomist opens up the medical records for a patient on the handheld device, new or additional orders may not cross over from the EHR to the LIS, resulting in orders being missed. Until we can overcome this technical challenge, we have asked phlebotomists to write the number of tubes to collect on the face sheet following accessioning, so that the phlebotomist drawing the specimen from the patient knows how many labels should print. In addition, the phlebotomist collecting the specimen may not be accurately recorded in the LIS if the previous phlebotomist failed to log off the device (ie, the previous phlebotomist would be recorded as performing the venipuncture when they did not).
This study has several limitations. It was performed at a single academic center in a specific geographic region; therefore, our results may not be applicable to other types of centers or regions as the systems vary considerably between hospitals. To express the number of preanalytical errors per 1000 specimens, we filtered the data by ordering sources, focusing on locations that send their patients to the outpatient phlebotomy department. If an ordering location that was not included in our filter directed patients to an outpatient phlebotomy site and if an error was made, it could have led to underestimation of the total number of preanalytical errors. In our experience, these instances were infrequent. It is possible that we may have underestimated the number of mislabeled specimens postimplementation as there is no longer a paper requisition form with which to compare the specimen label. However, this event is unlikely as questionable results would have prompted the ordering clinicians, in most cases, to notify the laboratory of a potential mislabeling. Finally, preimplementation service time data were collected by a different research assistant (A.M.) than the one who collected the postimplementation data (M.K.). However, the 2 research assistants standardized their definitions and data collection, to minimize bias.
In conclusion, we found that an integrated EHR-LIS, along with an electronic specimen collection module, improved the workflow and accuracy in the outpatient phlebotomy department. Our preanalytical error rates fell markedly, we met our goal of 90% of our patients waiting less than 10 minutes, and patient satisfaction increased. Other institutions should consider implementation of similar systems. LM
